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(57) Abstract 

A system fnr commu- 
nicating with a medical device 
(10) impiantfid in an ambulatory 
patient and for locating the 
patient in ord» to sdeetively 
mcmitor device functian, alter 
device operating parameters 
and modes and provide 
emergency assistance to and 
communications with a patient 
(10). The hnplanted device (10) 
inchides a telemetiy transceiver 
for communicating data and 
operating instructions between 
the implanted device and an 
external patient communications 
control device (20) diat is 
either worn by or located 
in proximity of the patient 
within the implanted device 
transceiving range. The control 
device preferably includes a 
communication link with a 
remote medical support networic 

(50), a global positioning satellite (80) receiver for receiving positioning data identifying die global position of tiie comrol device, 
and a patient activated link for permitting patient initiated personal communication with the medical si^port network (50). A system 
condoller (24) in the control device (20) controls data and voice communications for selectively transmittfaig patient iiiitiated personal 
communications and global positioning data to the medical support network (50), and for receiving and initiating le-programmmg of 
tiie implanted device operating modes and parameters in response to instructions received fifom the medical support network (50). The 
cominunications link between the medical support network and the patient communications control device may comprise a worldwide 
satellite network, hard-wired telephone network, a ceUular telephone network (82) or other personal communications scystem. 
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WORLD WTDF PATTKNTLQCATrON AND DATA TTRT PMRrffV 
SYSTEM FOR TMPLANTART R MRHTrAT. nFVTrFR 

FTPXD OF THF. TNVRMTrQT^ 

The present invention relates to communication ^sterns for communicating 
with an i mp lan t ed medical device or device system, and more paiticulaily, such a 
oo mmu n ic ation qrstem that may function on a wodd wide basis at any time to 
conmiumcate patient location, device monitoring data, device re-programming data 
and to allow fbr efifective response to anergen^ conditions. 

The Mowing refoenoes were cited in commonly assigned,, co-poiding U.S. 
Patent Application Serial No. 08/584,851 for ADAPTIVE, PERFORMANCE- 
OPTIMIZING COMMUNICATION SYST^ by S. Goedeke et al. to indicate the 
prior state of the art in such mattos. In particular, in reed switch use U.S. Patent No. 
33 11 ,1 11 to Bowers, U.S. Patent No, 3,5 1 8,997 to Sessions, U;S. Patent No. 
3,623,486 to Berkovits, U.S. Patent No, 3,631,860 to Lopin, U.S. Patent No., 
3,738,369 to Adams et al., U.S. Patent No. 3,805,796 to Teny, Jr., U.S. Patent No. 
4,066,086 to Alness et al.; mformational type U.S. Patent 4,374,382 to Mukowbz, 
U.S. Patent No, 4,601,291 to Boute et al.; and systm U.S. Patent No. 4,539,992 to 
Calfee et al., U.S. Patent No. 4,550,732 to Batty Jr., et al., U.S. Patent No, 4,571,589 
to Slocum et al., U.S. Patmt No. 4,676,248 to Berotson, U.S. Patent No. 5,127,404 to 
Wybomy et al., U.S. Patent No. 4,21 1,235 to Keller, Jr. et al., U.S. patents to Hartlaub 
et al., U.S. Patent No. 4,250,884, U.S. PatraitNo. 4,273,132, U.S. Patent No. 
4,273,133, U.S. Patent No. 4,233,985, U.S. Patent No. 4,253.466, U.S. Patent No. 
4,401,120, U.S. Patent No. 4,208,008, U.S. Patent No. 4,236,524, U.S. Patent No. 
4,223,679 to Schuhnan et al., U.S. Patent No. 4,542,532 to McQuilkin, and U.S. 
Patent No. 4,531,523 to Anderson. 

BACKGROUND OF THF TNVFMTTnM 

Over the years, many implantable devices have been developed to monitor 
medical conditions and deliver therapy to a patient. Such devices included electrical 
stimulation devices for stimulating body organs and tissue to evoke a reqjonse for 
enhandng a body function or to control pain, and drug delivery devices for rdeasing a 
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drug bolus at a selected site. Other more passive implantable and weaxable medical 
devices have been developed for monitoring a patient's condition. 

Chronically implanted cardiovascular devices for monitoring cardiovascular 
conditions and providing therapies for treating cardiac anfayihmias have vastly 
inpro ved patients quality of life as \veU as reduced mortality m patients susceptible to 
sudden death due to intractable, life tfireateningtachyairi^ As implanted 

device tedmology has grown more sophisticated with cqmUIities to discover, monitor 
and affect more patirat conditions (including ottowise life threatening conditions) 
patients have enjoyed freedom from hospital or home confinement or bed rest 
However, flie inqxioved mobility brings with it the need to maintain communications 
with the patient and the implanted device. 

Early in the development of cardiac pacemakers, patient follow-i^) to monitor 
pacemaker operation was fecilitated by telephonic transmissions of skin surfece ECGs 
in real time to a physician's office employing such systems as the MEDTRONIC® 
TeleTrace®ECG transmitter. Ov^ time» various patirat worn, ambulatory ECO and 
device monitors have been developed for providing ECO data for remote analysis of 
cardiac arrhythmias. Also, the remotely programmable modes of opexation of 
implantable medical devices increased, and programming methods unproved. 

In current arrhythmia control devices, (e.g. cardiac pacmiakers, and 
pacemaker-cardioverter-defibrillators) a relatively wide range of device operating 
modes and parameters are remotely programmable to condition the device to diagnose 
one or more cardiac anfaythrnia arid deliver an appropriate ther^y. In cardiac 
pacemakers, the pacing rate in one or both heart chambers is governed by algorithms 
that process the underlying cardiac rhythm as well as physiologic conditions, e.g. 
patient activity level and other measured variables, to arrive at a suitable pacmg rate. 
The pacemaker operating modes and the algorithm for calculation of the ^propriate 
pacing rate are programmed or repregrammed into internal memory by accessing the 
implanted pacemaker's telemetry transceiver with an external program Ev^Ae 
diagnosis of a tachyrhythmia requiring deliveiy of a treatment therapy and the 
therapies to be delivered may now be governed by operating modes and algorithm 
parameters that can be prograrmned into and changed usmg such a programmer. 
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Such implanted devices can also process the patient's electrogram and any 
measured physiological conditions employed in the diagnosis and store the data, for 
subsequent telemetry om on inteiTOgation by the external programmer. The 
telemetered out data is analyzed and may be enployed to establish or refine the 
operatmg modes and parameters by a doctor to adjust the tfierapies flie device can 
deliver. In general, the manner ofconununicatingbetvveenflie transceivers of tiie 
external prognomner and the implanted device during pn o gr ammifig and interrogating 
is referred to as telemetry. 

Initially, vAtsn programmmg techniques first devised, the paramount concern 
addressed related to patient safety. Safeguards addressed the concern that the patient 
could be put at risk of inadvertent mis-progranmiing of the implanted device, e.g. by 
stray electromagnetic fields. For this reason, and m order to avoid high current 
consumption that would shorten the implanted device battery life, telemetry operating 
range was extremely limited. In systems continumg to the present time, telemetry has 
required application of a magnetic field at the patient's sldn over the implanted device 
to close a reed switeh while RF p rog rammiiig or interrogating conmiands are 
generated to be received by the implanted device transceiver. The programmmg or 
interrogating commands are decoded and stored in memory or used to trigger 
telemetry out of stored data and operating modes and parameters by the iwiplftntfi^ 
device transceiver. 

As stated at the outset, <me of the rationales and attributes of mjAmfi^ 
medical devices of tiie type described, is that the patient is allowed to be ambulatory 
while his medical condition is monitored and/or Heated by the implanted medical 
device. As a fiirther safety precaution, "programmers" (devices capable of 
programming all the operating modes or functions of the implanted device and for 
initiating interrogation tiirough the telemetry system) are generally not provided to the 
patients. Patients are periodically examined and device interrogation is conducted by 
the physician usmg the external "programmer" during follow-up visits to tiie 
physicians ofiSce or clinic. This limits the fiequency of monitoring and may require 
certain patients to remam close to the physician's office. 
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Emergency conditions (device &iliire» pliysiologic variable changes resulting 
in inappropriate therapy » transient conditions/problems) may require additional 
monitoring or follow-iq). 

The short range of conventional device telemetry is itself viewed as unduly 
limiting ofa patient's mobility. In the medical monitoring field, longer range, 
continuously accessible telemetcy has been sought and systems for doing so have been 
proposed In US. Patent No. 54 13,869 for example, an implanted ambulatoiy 
patient monitor is described that is provided widi longer range telemetcy 
communication vritfa a variety of ^eternal accessory devices to tdmet^ out alann 
dgnals and ECG data and to receive programmixig signals. The high fiequencyRF 
signals are encoded, includmg the implanted device serial numbo^, to ensure tha$ the 
communication is realized only vdth the proper implanted device and that it is not 
mis-programmed. 

Telemetry communication with other implanted devices, particularly drug 
infusion pumps or pacemakor-cardioverter-defibrillator devices, to initiate or control 
their operation is also disclosed. Communication between the implanted AECO 
monitor and an external defibrillator is also suggested through low curcrat pulses 
transmitted finom the defibrillator paddles through the body link in order to condition 
the implanted AECG monitor to provide telemetry signals to tibe external defibrillator. 

One of ibt external devices disclosed in the " 869 patent is a wrist worn, 
personal communicator alarm for responding to a telemetered out signal and emitting 
a warning to the patient when the iniplanted AECG monitor has detected an 
arrhythmia. The patient is thereby advised to take medications or contact the 
physician or to initiate external cardioversion. The personal communicator alarm also 
includes a transceiver and may also be used to control certain functions of the 
implanted AECG monitor. A further, belt worn "full disclosure recorder" is disclosed 
with high capacity memory for receiving and storing data telemetered out of the 
implanted AECG monitor when its memory capacity is exhausted. 

A remote, external programmer and analyzer as well as a remote telephonic 
communicator are also described that may be used in addition to or alternately to the 
personal communicator alarm and/or the full disclosure recorder. The programmer 
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and analyzer may operate at a distance to the implanted AECG monitor to perform 
programming and interrogation functions. Apparently, Ae implanted AECG may 
automatically transmit a beacon signal to the programmer and analyzer to initiate an 
interrogation function to transmit data to the progranomer and analyzer on detection of 
an anfaythmia or a malfunction of the implanted AECG monitor detected in a self* 
diagnostic test Or by setting a timer in the personal cosmiimicatoralaiin, the 
implanted AECG monitor may be automatically interrogated at preset times of day to 
telemeter out accumulated data to the telephonic communicator or the fidi disclosure 
recorder. The remote telephonic communicator may be part of the extenml 
progranmier and analyzer and is automatically triggered 1^ the alarm or data 
transmission fix)m the implanted AECG monitor to establish a telephonic 
communication link and transmit tiie accumulated data or alarm and associated data to 
a previoxisly designated clinic or physician's o£5ce through a modem. 

The combination of external devices provided to a given patient is at the 
discretion of the physician. It is preferred that at least the ps&mt be provided with the 
external prograinmer and aiudyzer includiiig a conmiunications linL 

A similar programmer/interrogator for an implanted pacemaker-caidioverter- 
defibriUator device is disclosed in U.S. Patent No. 5,336,245, wherein the data 
accumulated in tfie limited capadty memory implanted device is telemetered out to a 
larger cq)acity,extenial data recorder. The accumulated data is also forwarded to a 
clinic employing an auto-dialer and FAX modem resident in a personal computer- 
based, programmer^terrogator. 

In each of these disclosed systems, presumably, the patient is able to 
coxmnunicate with the physician's office or clinic contemporaneously with the 
transmission of data by modem. In all such telemetry systems for progranmiing an 
operating mode or parameter or interrogating accumulated patient data or device 
operating modes and parameters, the patient is located within a short range, typically 
within sight, of the remote devices, particularly the remote programmer. If the patient 
is out of range of the programmer and an attached telephone systm, the security of 
the patient is dimmished. Consequentiy, at risk patients are advised to remain close 
by to the programmer and telephone for their safety. 
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The performance over time of implanted medical devices in the implant 
population is infonnally monitored by die periodic patient follow-ups employing the 
telemetry system conducted by die physician and die reporting of device malfunctions 
from the physician to the device manufecturer. Moreover, operating algorithm 
improvements developed over time to counter adverse device performance reports or 
to simply inprove device function are provided to physicians to employ in re- 
programming the implanted devices at the next patient follow-up. 

Aldio^gh significant advances have been made in allowing patient's who axe 
dependmt on implanted medical devices to be ambulatory and still allow for 
monitoring of the device opferation or the patimfs underlying condition, a need 
remains to expand patient security while allowing the ambulatory patient to.range 
widely. Telemetry systems in current use require prepositioning of the telemetry head 
over the implanted medical device, although die telemetry systems descri^ * 
may oflfer die possibility of telemetry at a distance of several meters. In any case, 
such telemetry ^sterns cannot communicate patient device information (uplink 
telemetry) or accept re-programming (downlink telemetry) when the patirat is in 
remote or unknown locations vis-a-vis the physician of medical siqq^ In 
certain patient conditions, die inability to communicate witfi die medical implant can 
significantiy increase patient mortality or cause serious ureversible physical damage. 

SUMMARY OF TOP INVENTfnK 
It is therefore an object of the present invration to provide a patient data 
communication system for world wide patirat location and data and re-programming 
telemetry widi a medical device implanted in die patient 

It is a further object of the present invention to address the above described 
problems by providing such a communication system allowing the device and/or 
patient to communicate with support personnel at any time and from any place. 

It is a still fiirther object of the invention to allow the medical device and 
patient to be accurately and automatically located enablmg prompt medical assistance 
if necessary. 

These and other objects of the invention are realized in a first aspect of the 
invention in a system for communicating patient device information to and &om a 
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medical device implanted in an ambulatory patient and with a remote medical siq^port 
network comprising: an implanted device telemetry transceiver within the implanted 
medical device for communicating data and operating instructions to and firom the 
medical device in a coded communication, the implanted device telemetry transceiver 
having a transceiviog range extending outside the patient's body apredetennined 
distance sufGcimt to receive and transmit coded telmetry communications at a 
distance fiom the patifflf s body; and an extonal patient communications control 
device adapted to be located in relation to the patient within fhe device tcansceivmg 
range having a system controller for &cilitating communications, an implant wireless 
interftce including a control device telemetry transceiver for receiving and 
transmittmg coded communications betwem the system controll^ and the implant 
device telemetry transceiver, a global positioning system coupled to said system , 
controller for providing positiomng data identifying the global position of tiie patient 
to the system controller; commimications means for communicating with the remote 
medical support network; and communications network inter&ce means coiq)led to 
the system controUer and tiie communicaticms means for selectively enablmg the 
communications means for transmitting the positioning data to the medical siq)port 
network and for selectively receiving conmiands from the medical support network. 

Preferably the system further comprises an extomal patient communications 
device adapted to be located in relation to the patient within the device transcei vmg 
range for providing patient voice and data communications with the syston controller, 
so that patient voice communications may be effected through the communications 
interface means and the communications means with the remote medical support 
network. 

Fxarthermore, the communications interface means may effect two-way 
communication of voice and/or data between the remote medical support network and 
the patient communications device and implanted device telemetry transceiver by 
inclusion of cards for accessing one or all of the communications means includix^ a 
cellular telephone network and a satellite-based teleconmiunication network, a hard- 
wired telephone communications sysban and/or a hard- wired interface for computer 
based system for local area and for modem-based e-mail communications systems. 
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The cards are preferably interchangeable to fit the application needed by the particular 
patient 

The communications interfiu^e means preferably include two-vvay voice 
communications between the patient and the medical support network and two-way 
data conmiunications for selectively receiving inlenogation or programming 
conmiands from the medical support netwodc to intmx>gate or program the operation 
of the device opoation and to inteirogate patient locatioxL 

The imsent invmtion allows the residential, hospital or ambulatory 
monitoring of at-risk patients and their implanted medical devices at any time and 
anywhere in the world. The medical support staflfat a remote medical support center 
may initiale and read telemetry 6om the implanted medical device and reprogram its 
operation vMLe tbe patirat is at very remote or even unknown locations anywhere. 
Two-way voice communications with the patient and data/programming 
communications with the implanted medical device may be initiated by the patient or 
the medical support staff. The location ofthe patient and the implanted medical 
device may be determined and communicated to the medical support network in an 
emergency. Emei^ency response teams can be diq)atehed to the determined patient 
location witii the necessary information to psepsae for treatment and provide support 
after arrival on the scene. 

BRIEF DRSCRTPTTON OF THP ntt A wn^Qf^ 
These and other obj ects, advantage and features of the present invention will 
be more readily understood fiom the foUowing detailed description of the preferred 
embodiments thereoi^ vAm consid^ in conjunction with the drawings, in which 
like reference num^:als indicate identical structures throughout the several views, and 
whereui: 

Figure 1 is block level diagram of a first variation ofthe system ofthe 
invention for a patient having free ranging mobility including an implantable medical 
device, a patient communications control device and a medical support network 
optionally employing wireless satellite teleconununication and a global positioning 
satellite receiver, 
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Figure 2 is a schematic illustration of the system of Figure 1 in relation to a 

patient; 

Figure 3 is block level diagram of a second variation of the system of the 
invention for a patient having limited mobility including an implantable medical 
device, a patient communications control device and a medical support network 
employing conventional wired telecommunication; 

Figure 4 is a schematic iUustiation of the system of Figure 3 m a line powered 
monitor for use in a patient!s hospital room; 

Figure 5 is a sdiematic illustration of the system of Figure 3 employing a 
patient-worn, communications link and a Ime powered monitor for use in a patimf s 
home; and 

Figure 6 is a block diagram of an exemplary unplanted medical device with 
which the invention may be practiced 

DETAILED DESCRTPTFON OF TOP PRFFKlll^Kn T^MBODTMFNTR 

The Global Communications and Monitoring System (GCMS) of the present 
invention provides a means for exchangmg information with and exercising control 
over one or more medical devices implanted within tiie body of a patient employing 
the patient communications control device. The GCMS in its most comprehensive 
formofFigures 1 and 2 is intended to function no matto: how geographically rmote 
the patiem may be relative to the monitormgdte or medical support network. Intiiis 
form, the GCMS provides an alarm to notify the medical support network should 
device or patient problems arise, determines patient location via flie Geopositioning 
Satellite System (GSS), and allows verbal communication between the patient and 
monitoring personnel via a cellular telephone system link (if available at the patient 
location) or a satellite based telecommunications link if the patient is outside the range 
of a cellular link or subscribes only to the satellite-based link. 

The system is not intended to be limited to such remote use by a free ranging 
patient and is intended to also be used when tiie patient is less mobile. In the sub- 
system or second variation illustrated in Figures 3-S, the patient communication 
control device is intended to be coupled to a telephone or other communications 
system for a patient with more lunited mobility. For example, the standard 
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teleconununicadons system may be accessed either through a hard-wired link or by a 
cordless telephone \sdth a telephone recdver in the room attached to a phone ja^^ In 
this case, the cellular or satellite-based telecommunications into&ce capabilities are 
not necessary, and the GSS cq)ability may be superfluous. 

Preferably, the GCMS of Figure 1 includes all of these capabilities embodied 
in a patient communications control device that is small and light enough to be 
attached to the patient M4ien the patient is mobile or to be used by the p^ 
standing unit at the patirafsresidmoe or hospital room. Alternatively, as sho^ in 
Figures 3-5, the GCMS can be re-configured in part as a stand alon^ line poi;vered, 
nnnn monitor and die remaining part can be implemented as a patient-woiii, battery 
powered, communications link with a transceiver cq)able of two-way communication 
between the patient, the implanted medical device and the line powered monitor. 

Figures 1 and 3 are intended to show the alternate components of both of the • 
variations of the GCMS, although tiie alternate components may be included in the 
same GCMS. The patimt 10 has one or more implanted medical devices 12, 14, 
vMch in the latter case may communicate with (me another is known as, for example, 
using the body medium in a manner desoibed in commonly assigned U.S, Patent No. 
4,987,897 to Funke, Hie medical device 12 (and associated device 14, if present) may 
be, for exanq)le, an anhythmia control device, e,g. a cardiac pacemaker or a 
pacemaker-cardioverter-defibriUator. A relatively wide range of device opiating 
modes arid parameters are remotely prograiniiiable to coiiditionsuc^ a deW 12 to 
diagnose one or more conditions such as cardiac anhythmias and/or deliver electrical 
or other stimulus appropriate for theRQ>y. The implanted medical device 12 may 
alternatively be a drug administration device, cardiomyoplasty device, neural 
stimulator or any other implantable device with electronic control functions that can 
be programmed and/or have memory for storing patient and device operating data. 

At least one implanted medical device 12 possesses a transceiver of the type 
known in the art for providing two-way communication with an external programmer. 
The encoded conmiunication may be by the RF transmission system such as is 
described in the above-referenced '869 patent or by usmg spread spectrum telemetry 
techniques described in U.S. Patent No. 5,381,798 to Burrows or by the systrai 
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disclosed in the above-referenced U.S. Application Serial No. 08/584,851 or any of 
the known substitutes. The telemetry tecfaniqiK employed and the transceiver of the 
implanted medical device 12 have enough range to communicate between ibc 
transceiver in tiie in^Iant wireless inter&ce 22 in the ronote patient communications 
control device 20 and the implant (12...14). The system disclosed m fbe above- 
leferenced U.S. Applicatiim Soial No. 08/584,85 1 may be onployed to increase tiie 
accatacy and effidei^ of flie i^link and downlink telonetiy . 

Figure 6, dq)icts an implan t able pulse generator (IPO) circuit 300 and atrial 
and vmtriculartead system 112, 114 having programmable modes and parameters and 
a telemetry transceiver of a DDDR type known in fbe pacing art as.an example of an 
implanted medical device 12. While described in some detail, this device 12 provides 
only one example of the kind of implantable device that may be employed with ^ 
invention. 

The IPG circuit 300 of Figure 6 is divided generally into a microcQmpiitar 
circuit 302 and a pacing circuit 320. The pacing dicuit 320 includes tiie output 
amplifier circuit 340 and the sense amplifiers 360. The output circuit 340 and sense 
amplifier circuit 360 may contain pulse gmeralors and sense amplifiers corresponding 
to any of those presently employed in commercially marketed cardiac pacemakers for 
atrial and ventricular pacing and sensing. Thebipolarleadsll2andll4arc 
illustrated schematically vAih their associated electrode sets 1 16 and 1 18, respectively, 
as coupled directly to the iiqMit/output circuit 320. However, in the actual implanted 
device they would, of course, be coupled by means of removable electrical connectors 
inserted in a coimector block. 

Sensed atrial depolarizations or P-waves that are confirmed by the atrial sense 
amplifier (ASE) in response to an A-sense are communicated to the digital 
controller/timer circuit 330 on ASE line 352. Similarly, ventricular depolarizations or 
R-waves that are confirmed by the ventricular sense amplifier in response to a V-srase 
are communicated to the digital controller/timer cucuit 330 on VSE Ime 354. 

In order to trigger generation of a ventricular pacing or VPE pulse, digital 
controller/timer circuit 330 generates a trigger signal on V-trig Ime 342. Sunilarly, in 
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order to trigger an atrial pacing or APE pulse, digital contioller/timer circuit 330 
generates a trigger pulse on A-trig line 344. 

Crystal oscillator circuit 338 provides basic timing clock for the pacing circuit 
320, while battery 318 provides power. Power-on-reset circuit 336 responds to initial 
connection of the circuit to the battoy for defining an initial operating condition and 
msy reset the operative state of the device m response to a low battery condition. 
Reference mode circuit 326 goierates stable voltage and current i^erences for tfie 
analog circuits widim the pacmg circuit 320. Analog to digital converter (ADC) and 
multiplexor circuit 328 digitizes analog signals. When required the contiDller circuit 
will cause transcdvor circuit 33 to provide real time telemetry if a cardiac signals 
&om sense amplifiers 360. Of course, these drcuits 326, 328, 336, and 338 may 
employ any circuitry sunilar to those presently used in current marketed implantable 
cardiac pacemakers. 

Data transmission to and fiom the external programmer of the patient 
communications control device of the preferred embodiment of the invention is 
accomplished by means of the telemetry antemia 334 and an associated RF transmitter 
and recdver 322, which serves both to demodulate received downlink teloietry and 
to transmit uplink telemetry. Uplink telemetry capabilities will typically include the 
ability to transmit stored digital information, e.g. operating modes and parameters, 
EOM histograms, and oflier events, as well as real tune EGMs of atrial and/or 
ventricular electrical activity and Mark^ Channel pulses mdicating die occurrence of 
sensed and paced depolarizations in the atrium and ventricle, as is well known in the 
pacing art The IPG transceiv^ system disclosed in the above-referenced U.S. 
Application Serial Number 08/584,851 may be employed to provide the uplink and 
downlink telemetry from and to the implanted medical device in the practice of the 
present invention. 

Control of timing and other functions within the pacing circuit 320 is provided 
by digital controller/timer circuit 330 which includes a set of timers and associated 
logic circuits connected with the microcomputer 302. Nficrocomputer 302 controls 
the operational functions of digital controller/timer 324, specifying which timing 
intervals are employed, and controlling the duration of the various tinting intervals, 
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via data and cozrirol bus 306. Microcomputer 302 contains a miaoprocessor 304 and 
associated system clock 308 and on-processor RAM and ROM chips 3 10 and 3 12, 
respectively. In addition, microcomputer circuit 302 includes a sq)arate RAM/ROM 
chip 3 14 to provide additional mmiory capacity. Nficroprocessor 304 is intemqpt 
driven, opmting in a reduced power consumpdcm mode nonnally, and awakened in 
response to defined interrupt events, vMdx may include flie A-tiig, V-trig, ASE and 
VSEsignals. Theqpedficvaluesofthe intervals defined axe controUed by the 
miaK>computer circuit 302 by means of data and control bus 306 firom progcammed-in 
parameter values and operating modes. 

If the IPG is programmed to a rate responsive mode, the patimf s activity level 
is monitored periodically, and the sensor derived V-A esc^ mterval is adjusted 
proportionally. A tuned inteniq)t, e.g., eveiy two seconds, may be provided in oider ' 
to allow the microprocessor 304 to analyze the output of the activity cirxmit (PAS) 322 
and update the basic V-A escape interval employed in the pacing cycle. The 
microprocessor 304 may also define variable A-V intervals and variable ARPs and 
VRPs which vary with the V-A escape interval established in response to patient 
activity. 

Digital controller/timer circuit 330 thus defines die basic pacing or escape 
interval over a pacing cycle vMch corresponds to a successive A-V interval and V-A 
mterval. As a furdier variation, digital ccmtroller/timOT circuit 330 defines the A-V 
delay intervals as a S AV that commence foUowmg a sensed ASE and a PAV that 
commences following a deliva:ed APE, respectively. 

Digital controller/tuner circuit 330 also starts and times out mtervals for 
controlling operation of the ASA and VSA in sense amplifier circuit 360 and the APG 
and VPG in ou^ut amplifier circuit 340. Typically, digital controller/timer circuit 
330 defines an atrial blanking interval following delivery of an APE pulse, during 
which atrial sensing is disabled, as well as ventricular blanking intervals following 
atrial and ventricular pacing pulse delivery, during which ventricular sensing is 
disabled. Digital controller/tuner circuit 330 also defines an atrial refiactoiy period 
(ARP) during which atrial sensing is disabled or the ASE is ignored for the purpose of 
resetting the V-A escape interval. The ARP extends fix>m the beginning of the SAV 
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or PA V int^val following either an ASB or an A-trig and until a prcdetermined time 
following sensing of a ventricular depolarization or triggering the delivery of a VPE 
pulse as a post-ventricular atrial refractory period (PVARP). A ventricular refractory 
period (VRP) may also be timed out after a VSE or V-trig. The durations of the ARP, 
PVARP and VRP may also be selected as a programmable parameter stored in the 
microcomputer 302. Digital contn>Uer/timercucuit 330 also controls sensitivity 
settmgs of the sense amplifiers 360 by means of sensitivity control 350. 

The illustrated JPQ block diagram of Figure 6 is merely exemplary of one 
form of an hnplanted medical device 12 having a telemetry transceiver. The telemetry 
transceiver 332 is capable of receiving intoiogation commands for iq)link telemetry 
of accumulated data, e.g. stored histograms of EOM data maintained in RAM 310 or 
RAM/ROM unit 3 14, or of real-time data, e.g. the raw EGM of the patient's heart In 
addition, it is capable of receiving permanent reprogramming commands or certain 
temporary progranmiing commands for changing operating modes or parameters of 
the IPG 300 to counter a condition diagnosed by the medical support network. In this 
manner, the selective izutiation of the operation of the therapeutic treatment (padng 
for device 12) and monitoring can be efifected through operating commands received 
by said implanted device telemetry transceiver 322. Furthenn<»:e, the operating 
algorithms governing the various pacing modes or parameters of those operating 
algorittmis may be re-checked and altered flirough downlink interrogation and le- 
programmmg. In addition, the normal, poiodic follow-up of the IPG 300 operation 
can be remotely initiated and omducted using the uptirk and downlink telraietry 
between the transceiver 3 32 and the implant wireless mterface under fbe control of the 
system controller as described below. The present invention can therefore readily be 
practiced using the basic hardware of existing microprocessor-controlled, dual 
chamber pacemakers, pacemaker-cardioverter-defibrillators and other medical 
devices, with a transceiver capable of uplink and downlink telemetry at a distance of 
up to several meters between the telemetry anterma 334 and the external telemetry 
antenna of the patient communications control device 20 or 20' of the variations of the 
present invention. 
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Returning to Figuies 1 and 3, the patient communications control device 20, 
20' therefore includes the implant wireless interfisice 22 that operates as a two-way 
telemetry transceiver for conmiunicating with the telemetry transceiver of the 
implanted medical device 12 or devices 12» 14 and is controlled in those operations by 
a microcomputer-based system controller 24, prefismbly a 486XX microprocessor 
with RAM and ROM, e.g. the Caidio 486 available fiom SMOS SYSTEMS located in 
San Jose, California maybe eniployed as die controller 24. The systmi controller 24 
contains a system clock for maintaining an accurate time base whidi in one 
embodunent may be recalibrated periodically via accurate clocks in the GPS satellites 
62. Theini(rocomputer-based8ystemcontroUer24iscoi4)ledtothepati 
and the voice and data communications network inter&ce 28 via voice and data buses 
36 and 38. A patient link 26 provides a miaophone and speaker through which the 
patient 10 can use for voice communication through the system control!^ 24 aiul the 
voice and data conununications network mter&ce 28 with die remote medical support 
network 50. Communication between the system coiitroller 24 and the 
communications inter&ce 28 is via data and voice buses 44 and 46. Thesystem 
controller 24 may be part of a standard or modified cellular telephone or other 
personal communication device and may simply recognize specific telemetered 
signals fix>m the implanted device if desired 

At the medical support network 5 0, a base station is provided to be in tiie 
communication link with the monitor 30 or tiie patient-worn conununications device 
40. The base station is preferably a microprocessor-based system that includes tiie 
software and hardware needed for voice communication with the patients to locate the 
patient and to interrogate and program the implanted medical devices using the 
communications interface links incorporated into the GCMS. 

Patient voice communications through the patient link 26 include both actual 
patient voice and/or manually actuated signalling which may convey an emergency 
situation. For example, a patient may initiate communications through link 26 by 
depressmg a button and/or speaking into the miax)phone/speaker. The patient voice is 
converted to an audio signal, digitized, eiicoded and transmitted either by voice bus 36 
or by a transceiver in the case where the patient link 26 is physically separated fiom 
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the system cratroller 24, as desaibed below. The patient activated emergency signal 
is likewise encoded and transmitted by data bus 38 or its equivalent transceiver 
encoded RF signal to the system controller 24. 

Patient link 26 is a custom designed circuit tiiat prdbrably has a miaoidione 
and speaka, associated diivets, a visual indicator (i.e. light or LCD displiQr), and a 
patient activator. In tiie embodiment ixdieretiie patient link 26 is physically part of the 
patient communications control device 20, the patient link also includes inteifice 
circuitry to buses 36 and 38 as shown m Figure 1. Aheinatively, the patient link 26 
can be combmed witii die implant wireless mter&ce as a combined PCMCIA (or otiier 
communications) card and a single data bus may be sbaxed betweoi the two circuits. 
In a further embodiment having a physically separated and separately powered patient 
communications control device 26, Ae voice and data buses 36 and 38 can be replaced 
by short-range wireless LAN PCMCIA cards at each end of the link. An infiared 
wireless LAN PCMCIA ads^rtor witii an mt^rated transceiver. Model No. 87G9743, 
is currentiy available fiom BM, Inc., Someis, New York. An RF wireless LAN. 
PCMCIA adaptor witii an integrated transceiver, Nfodel No. 80G0900 is also available 
fiom IBM, Inc., Somecs, New York. Otiier amilar devices may be used. 

Continnmg specifically witii tiie first variatira of Figures 1 and 2, tiiese figures 
dqnct the conqjonents of tiie more ccmqnehensive GCMS of the present mvoition fin- 
allowing greater patient mobility, a wider range of comunmications network mtei^ 
Imks and tiiecaptOriUtyofkK^rtmgtiie patient anywiieremtiie world. hitiieGCMS 
of Figure 1, all components of patiat communications control device 20 are 
incorporated mto tiie patient-wom communications device 40 vMch may be worn, for 
example, on a patient's belt or carried in a pocket, or worn on a wrist Alternatively, 
as described above, the patient link 26 may be separated into a wrist-worn device 
having a separate transceiver for convenience of use in voice commtmication. In any 
event, the emerging Personal Conununications Systran (PCS) technology may be 
enqiloyed in the miniaturization of tiie syston compmoits. 

In accordance with one aspect of the inveotion, the system controUer 24 is 
coiqiled to a GPS receiver 60 via bus 58 for receiving patient positionmg data 
fipom an eartii satellite 62. The GPS receiver 60 may use current systems such 
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as the MobUe GPS™ (PCMCIA GPS Sensor) provided by Trimble 
Navigation, Inc. of Sunnyvale, California or Retld GPS Land Navigation 
System provided by Liikkura Systems International, Inc. of Cameron Paik, 
California, or other similar systems. The GPS receiver 60 may be actuated by 
a comumand received through the system controller 24 fiom tte medical 
sqq)ort network, in the case ofan emergency response. In the case of a non- 
emogency, periodic follow-19, the GPS receiver 60 may be enabled once an 
hour or once a day or any other chosra interval to verify patient location. The 
determined location may be transmitted to the medical siq>port network and/or 
stored in RAM in the system controller 24. To maintain patient location 
information in the absoice of GPS signals (such as inside metal buildings), a 
three-axis accelerometer 72 or other position/motion determining device can 
be incorporated into the system. By knowing original position (from the last 
valid GPS point), time (fiom the mtemal clock) and acceleration (motionX 
patient position can be calculated fiom the diree axis coordinates realized fiom 
each accelmmeter output calculated in each case fiom: 

x(t)-x(0) + v(0)t +_a(t)dt 

where x(0) is the initial position stored in memory fi>r each axis, t is time, a is 
acceleration and v is velocity. 

In the fiee ranging embodiment of Figures 1 and 2, two communication 
network interfile links with the medical support network 50 are included, although 
the communication interface links of the second variation of Figures 3-5 may be 
included for optional home use. One non-hard-wired communication interfiu^e link is 
effected through the soon to be deployed, worldwide satellite communications syst^, 
called "Iridium", by Motorola, Inc. of Schaumburg, Illinois. This is a PCMCIA card 
64 vMch may be built from common components by one skilled in the art Another 
(second) conmiunications link can be efTected by the ARDIS (Advanced Radio Data 
Information Service) pocket radio conmiunications network via PCMCIA link card 
66, a Mobidem modem available fix)m Ericsson, Inc. of Raleiigh, North Carolina. 
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Both of the ladio links opoate as modems with voice and data simultaneously 
transmitted via adding the CT8020 (DSP Group of Santa Clara, California) to a 

standard data modon such as a 28.8 Keepintoudi'™ Exjness modem fiom AT & T 
Corp. of Largo, Florida. . 

Either or both PCMCIA cards 64 and 66 may be provided and they are 
cotqpled vA± the voice and communications network 28 via buses 68 and 70, 
lespectively. When bodi are provided, access to tiieccnnmnnications satellite link 80 
is automatically obtained when a link to a cellular transceiver 82 is not possible. 

It should be noted lliat "Wdium" manages cellular location of each subscriber 
in die network at all times. The subsoibo: unit, v«^di in this invention would be 
incorpoialed into flie device 20 (or communicatively connected to it) identifies iteelf 
and its location on a periodic basis to the system manager. In any system chosm it is 

ejqjected that the control and communications device will have to report in to a 
managanent system regarding its location on a periodic or at least on a changed 
location basis or bodi. The implanted device need not be concerned about fliis activity 
and need not use any of its battery power to accon^ilish it since <aily fhs external 
device 20 (in the preferred embodiments) needs to be involved m such location 
communication. Only by knowing the patient location can fbe medical system SO 
c ommu nicate to flie implanted device at any time it wants or needs to. Accordingly, if 
emergency communications are expected short intervals between reporting in are 
recommended. 

By diecking in, fta patient's external communications device would act Uke a 
cellular phone, answering incoming medical system messages broadcast into the cell 
in which it is located. 

For patient convenience, a personal commiunicating device may incorporate 
the controller/communicator that communicates betweai implanted device(s) and the 
external worid. In this way it could look like and operate as a personal communicator 
or cellular phone and reduce patioit psychological discomfort It should also be 
recognized that if the cellular telephone systan manages all communication functions 
betwewi the outside-the-patiait-system and tiie medical community system, the 
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implanted device need only be able to communicate with the cellular communications 
product. 

Figure 2 illustrates the free ranging patient 10 located remotely fiom the 
medical support netwoik SO and fix>m any haid-wired communications link. The 
patient communications control device 20 is impletnented in the belt-wom portable 
unit 40, although the patient link 26 may be worn sqwately on t^^ 
shown). Alternatively, the patient communications control device 20 ind^n^jng the 
patirat link 26 m^ be padcaged into a portable telephone ccmfiguration and earned in 
apocket In any embodiment, the patient location may be detemuned by 
communications with die OPS 62. The voice and data communications link with the 
medical stqpport netwoA 50 may be effected by a ceUular phone link m^^ 
transceiver 82. Alternatively, the voice and data communications link may be 
effected using the communications satellite link 80. 

The patimt communications control deAdce 20 of Figures 1 and 2 is powmd 
by a batteiy power supply 74 that preferably is rechargeable. The system controller 
24 includes a power control system for powering down tiie mioxqnocessor and the 
associated conq)onents of the padent communications control device 20 except on 
receipt of an inteniqpt in a manna: well known in &e art. 

Power consumption can be significantly reduced by powering up the 
communication and satellite circuitry periodically for a short period of time to re* 
acquire a GPS location and/cnr look for requests for data or status from the medical 
support network 50. This system power consumption reduction can greatly enhance 
battery lifetime requiring less frequent battery replacraient or recharging, in the case 
of a rechargeable battery configuration. As an alternate to usmg a management 
system to maintain a patient location data based on patient's device periodic check-in 
each GCMS system for each patient could have a specific time slot (for example, 30 
seconds) non-overlapping witii other GCMS systans to power xq>, acquire location 
coordmates from the OPS system and be alert for a call fix>m the medical support 
network 50, Pmodically (for example, once per week), the medical support network 
50 would reset/recalibrate the system clock in system controller 24 fix)m the atomic 
clock m the GPS satellite system. This would ensure fliat no specific GCMS system 
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clock would drift out of range of its allotted time slot and be unavailable for reception 
or drift into an adjacent time slot. Other time dividing schemes used in other arts may 
also be employed to maximize battery life for any system. 

Turning to the second variation of the invention illustrated in Figures 3*5, it 
should be noted that the system of Figure 1 may also be used in the home or in flie 
hospital using the ceUular communications link card 66. However, the modified 
pa&eat communications control device 20' of Figure 3 is preferably impletn^^ntf^ ^^i^ 
the voice and data communicatioiis network inter&ce 28 havuig the capsinhty of 
directly linking witii a hard-wired phone line 32 or other communicadon services, 
i?(^chm£Qr mclude a hospital installed network, e.g. apersonal conq)uter inter&ce to a 
local area network In either case, the modified patient communications control 
device 20' may be implemented in a number of portable or stationary monitor 30 
forms. 

In the embodiment illustrated in Figure 4, all of the Figure 3 componmts of 
the modified patient communications control device 20' are located in the monitor 30. 
The patient link 26 and the in4>lant wireless interlace 22 are hard-wired by voice and 
data buses 36, 38 and 42 to the system controller 24. In the embodiment of Figure 5, 
the patient link 26 and the implant wireless intarfece 22 aie located in the patient- 
worn communications device 40. The remaining compoiimtsoftfie modified patient 
communications control device 20' are located in monitor 30, and suitable RF 
telemetry transcdver links are substituted for the buses 36, 38 arid 42^ In either 
embodiment, the power supply 74 of the monitor 30 may be line powered. TTie 
modified patient communications control device 20' within monitor 30 may also be 
coupled to a wall jack for hard-wired communications through the phone line 32 or 
other communications service 34 with a medical support network 50 located remotely 
or within the hospital. 

As described above, implantable devices such as 12... 14 include telemetry 
transceivers with range suitable for communicating over a short range to tiie unplant 
wireless interftice 22 of die modified patient communications control device 20' 
within stand alone morutor 30. This remote link offers advantages over patient-worn 
electrodes or programming heads requued in the standard skin contact telemetry and 
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monitoring used at present Skin contact is difficult to maintain, as the adhesive for 
the electrodes or heads &ils in time, skin irritation is often a problem and inadvertent 
removal of electrodes is also prevalent Moreover, the EGM and other body condition 
monitoring cq)abilities of advanced implanted medical devices can be taken 
advantage of to substitute for in-hospital monitoiing, e.g. Holler monitoring of the 
patient's electrogram. The electrogram and/or other sensor doived data, e.g. pressure, 
tCTperature, blood gases or the like, stored by tiie implanted device can be transmitted 
out continuously or on periodic automatic telemetry command and sent 1^ the 
communications link to the rmote or hospital medical support network SO. 

In either environment of Figure 4 or 5, the patient 10 may communicate with 
the medical support stafif at tiie medical support networic SO through the voice channel 
provided in the patient link 26. The patient communications control device 20 or 20* 
in either embodiment can retrieve all implanted device stored patimt and device 
operating data on receipt of a command fix>m the medical support network SO, process 
and temporarily store such data, and transmit it back to the siqqport network SO for 
analysis. Moreover, implanted devices 12... 14 may be reprogranmied fiom the 
medical siqyport network SO to alter device operating modes and parameters 
employing the modified patient communications control device 2tf as a programmer. 
Fmally, the modified patient communications control device 20* can transmit an alarm 
to the medical support network should there be problems wifli the patient or unplanted 
devices 12, 14. For example, the mq)kuited devices 12, 14 may signal a low battery 
condition or a low drug supply in the case of an implanted drug dispenser or other 
problems foimd in self-diagnostic routines periodically conducted within the 
implanted devices 12... 14. 

The variations and embodiments of the GCMS of the present invention 
provides comprehensive monitoring of implanted medical devices independent of the 
geogr^hic mobility of the patient using the devices, obviating the need for the patient 
to return to a designated foUow-up monitoring site or clinic. Moreover, it allows 
determination of the patienf s geographic location via the OSS 62 while providing 
simultaneous two-way communication with devices and the patient \vhm desu:ed. 
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In addition to emergency response and routine patient management, the 
GCMS fecilitates medical device clinical studies, providing data collection at one 
central site fcom all study patients without requiring their active involvonent or clinic 
visits. This is eq)eciaUyuseM for conducting govcrimicnt-mandate^ 
surveillance studies. Should there be need to iq)grade or change tiie behavior of 
implanted devices the global system allows a central monitoring site to revise all 
involved implants ax^i^iiere in the world by transmitting new programming 
instructions to every device (assuming qypropriate govermnental authorities and the 
patients' physicians have iigreed to tiie need for sudidianges). The patient need not 
be dkecdy mvolvedin this updating and need not be aware of the actual process. 

A continuous and automatic medical monitoring service could be impi^ented 
to shorten response time for emergency medical situations or device events signifying * 
patient difScidty. For example, a patient having an implanted 
cardioverter/defibrillator may be subjected to multiple defibrillation shocks, due to an 
underlying arrhytimiiatiiat cannot be converted by tiie shocks. To achieve fliis m the 
first variation of Figures 1 and 2, the implanted medical device 12 or 14 would initiate 
an emergency transmission to the patient communications control device 20 vMch 
wouldcontam,butnotbeliniitedto,allorsomeoftiiefollowmg: patientnameand 
mailing address, patienf s current medical condition lequuirig assistance, ongomg 
"real time physiological variables", patient medical svppon team information, and 
current status (patient and device) and data stored within tiie implanted medical 
device. The patient communications control device 20 would obtain tiie GSS signal 
and transmit all the mformation to the medical support network 50, The patient may 
also transmit voice information if conscious of tiie event. A similar response to an 
emergency situation can be initiated and completed in tiie GCMS of tiie second 
variation using the modified patient communications control device 20'. 

Moreover, patient follow-up and periodic monitoring (i.e. montiily, quarterly, 
etc.) of tiie medical implant's stored data and status could be done automatically and 
be completely transparent to the patient The medical support team would even have 
the capability of changing the implanted device settings or programming witii 
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complete transparency to the patient (or alternatively, voice or warning signals may be 
used to identify impending programming). 

Interactions with the implanted device and patient may be totally transparent 
to the patient, e.g., routine location diecks to determine if the patient is in proximity 
sufficientiy with the patient communications device to interrogiEtte the implanted 
device or for follow-iq) data collection fix>m the implanted device^s monitoring 
memory or r eprogramming of operations of the device effected at night vMLe tiie 
patient sleeps. Or the patient may be included in the process, even to the extent tiiat 
voice communications fiom the staff at tiie support network to instruct or reassure the 
patient are received in the patient communications control device. 

Variations and modifications to the present invention may be possible given 
the above disclosure. Although the present invention is described in conjunction witii 
a microprocessor-based architecture, it will be imderstood that it could be 
implemented in otiier technology such as digital logic-based, custom integrated circuit 
QC) architecture, if desired 

While there has been shown what are considered to be tiie preferred 
embodiments of the invention, it will be manifest that many changes and 
modifications may be made therein without departing fiK>m tiie essential spirit of the 
inventioru It is intended, therefore, in the following claims to cover all such changes 
and modifications as may fall within the true scope of tiie invention. 
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CLAIMS 



1. A system for communicating patient device information to and fix>m a 
medical device implanted in an ambulatory patient and vdth a remote medical support 
network comprising: 

an implanted device telemetry transceiver witbin die inflamed medical device 
for communicatmg data and operating instructions to and from the medical device the 
implanted device telemetry transceiver having a transceiving range extending outside 
the patient's body a distance sufiBdent to receive and transmit such telemetered 
communications; and 

an external patient communications control device adapted to be located in 
relation to the patient within the device transcdving range includiiig: 

a system controller for fiicilitating communications with the implanted 

medical device; 

an implant wireless interfsu^e including a control device telemetry 
transceiver for receiving and transmitting coded communications between tibe 
system controller and the implant device telemetry transceiver; 

a global positioning system coiqiled to said syst^ controller for 
providmg positiomng data identifymg the global position of the patient to the 
system controUej^ and 

communications means for communicating between tiie external 
communications control device and a remote medical support network. 
2. The system of Claim 1 further comprising: 

communications networic interfece means coupled to tiie system controller and 
the communications means for selectively enabling the communications means for 
transmitting the positioning data to the medical 

support network and for selectively receiving commands from the medical support 
network. 



3. The system of Claim 2 further comprising: 
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an external patient conununications device adapted to be located in relation to 
the patient vnAm the device transceiving range for providing patient voice and data 
communications with the system controller, so that patient voice communications may 
be effected through ihe communications inter&ce means and the communications 
means with the remote medical stq)port netwoik. 

4. The system of Claim 3 wherein the communications intoface means 
may effect two-way communicalion of voice and/or data between tiie remote medical 
siqyport network and the patient communications device and implanted device 
telemetry transceiver. 

5. The system of Claim 4 ^niierdn said communications means further 
comprises at least one of the group consisting of: 

a cellular telq)hon6 netwdk; 
a satellite-based telecommunication network; 
a hard-wired telephone communications system; and 
a hard-wired interface for computer based system for local area and for 
modem-based communications systems. 

6. The system of Claim 2 vyiierein the communications mt^&ce means 
may effect two-way communication of voice and/or data between the remote medical 
support network and the patient communications device and implanted device 
telemetry transceiver by inclusion of cards for accessing one or all of the 
conununications means. 

7. The system of Claim 6 M^ierein said communications means further 
comprises at least one of the groiq> consisting of: 

a cellular telephone network; 
a satellite-based telecommunication network; 
a hard-wined telephone communications system; and 
a hard-wired interface for computer based system for local are^a and for 
modem-based e-mail communications systems. 

8. The system of Claim 2 wherein said communications interface means 
further comprises: 
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portable satellite comniuiucations means for inter&cing with a satellite based 
communications network for communicating with said patient communications 
control device. 

9. The system of Claim 2 wherein said communications intex&ce means 
iiirther comprises: 

portable cellular communications means for interfacing wift a cellular 
telephone communications netwoik for communicating with said patient 
conununications control device. 

10. The system of Claim 2 whmin said communications intei&ce means 
further comprises: 

hard-wired telephone communications means for interfacing with a telephone 
conununications networic for communicating with said patient communications - 
control device. 

1 1 . The system of Claim 9 i^erein said hard-wired telephone 
communications means is hard-wired to a room telephone outlet of a patients room 
for a patient confined to the area of the room. 

12. The system of Claim 2 wherein said communications interface means 
further conq)rises: 

portable personal communications means for interfacing with a telephone 
communications networic for communicating with said patient communications 
control device. 

13. The system of Claim 1 wfaerem: 
said implanted medical device finther comprises: 

storage means for storing programmed operating commands received by said 
implanted device telemetry transceiver for controlling operations of said implanted 
device; 

means for therapeutically treating the patient in accordance with programmed 
operating commands; 

means for monitoring a patient condition and providing patient condition data; 

and 
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means for selectively initiatiiig tiie operation of said Hierapeutic treatment 
means and said monitoring means through said operating commands received by said 
implanted device telemetry transceiver; and 

said communications means of said patient communications control device 
furth^ comprises means for receiving operating commands fiom said 
communications network inter&ce; and 

said system controller further conpises means for operating said control 
telemetry transceiver for transmittmg said operating commands to said ?mplmtffd 
device tel^etry transceiver to hereby store said operating commands in said storage 
means and efifect a commanded operation of said implantable device in response 
thereto. 

14. The system of Claim 13 wherein: 
said implantable medical device further comprises: 

means for monitoring a patient condition and providing patient condition data; 

and 

means for selectively initiating the operation of said monitoring means 
through said operadng commands received by said implanted device telemetry 
transceivo:; and 

said system controller further comprises means for operating said control 
telemetry transceiver for initiating operation of said monitoring means and for 
telemetering said monitored patient condition data to said patient conomunications 
control device transceiver for communication to said medical support network. 

15. A method for communicating patient device mformation to and fiom a 
medical device implanted in an ambulatory patient and with a remote medical support 
network comprising: 

providing an implanted device telemetry transceiver within the implanted 
medical device for communicating data and operating instructions to and from the 
medical device in a coded commimication, the implanted device telemetry transceiver 
having a transceiving range extending outside the patient's body a predetermmed 
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distance sufBdent to recdve and transmit coded tel^netry communications at a 
distance from the patient* s body; and 

providing an external patient communications control device adapted to be 
located in relation to the patient within the device transceiving range for 
communicatmg between the implanted medical device and a medical sappmt networiq 
and 

responding to an omeigency condition of the patient in accordance with tiie 
steps of: 

leceivmg global positioning data signals in the communication control 
device for idratifyu^ the global position of the patient to the patient 
communications control device; and 

transmitting communication indicating an emwgency condition and the 
global position of the patient from the patient communications control device 
to the medical support network. 

16. The method of Claim 15 herein said step of responding to an 
emergency condition of the patient in fiirther comprises the step of: 

commu n icating voice messages from said patient to said medical support 
network. 

17. The method of Claim 16 i^dierein said step of lespondmg to an 
emergency condition of liie patient in further comprises tiie step of: 

communicating voice messages to said patient from said medical support 
network. 

18. The metiiod of Claim 16 wherein said step of respondmg to an 
emergency condition of the patient in further comprises the step of altering an 
operating mode of said unplanted medical device in response to the emergency 
condition. 

1 9. The method of Claim 1 8 wherem said step of altering an operating 
mode of said implanted medical device fiirther comprises: 

transmitting an operating programming conunand to said patient 
communications control device from said medical siqyport network; 
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in said patient communications control device, transmitting a leprogramming 
command to said implanted device tel^etry transceiver. 

20. The process of claim 1 5 including the step: 

in the absence of an emergency patient condition, periodically reporting the 
location of the patent to the medical networL 

21 . Apparatus for communicating patient device information to and fix)m a 
medical device implanted in an ambulatory patient and with a remote medical support 
network comprising: 

an implanted device telemetry transceiver within the implanted medical device 
for communicating data and operatmg instnictions to and fiDom the me£ 
coded communication, the implanted device telemetry transceiver having a 
transceiving range extending outside the padenfs body a predetennined distance 
sufficient to receive and transmit coded telemetiy communications at a distance fiom 
the patient's body; and 

an external patient communications control devi ce adapted to be located in 
relation to the patient within the device transceiving range for communicating 
between the implanted medical device and a medical siq>port network comprising 
means for responding to an emergency condition of flie patient fiirdier comprising: 

means for providmg positioning data identifying the global position of 

the patient to the patient communications control device; and 

means for transmitting an encoded commimication indicating an 

emergency condition and the global position of the patient from the patient 

communications control device to tiie medical support network. 

22. The apparatus of Claim 21 wherein said external patient 
communications device is adapted to be located in relation to the patient within the 
device transceiving range and further comprises communications interface means for 
effecting two-way communication of voice and/or data between the remote medical 
support network and the patient communications device and implanted device 
telemetry transceiver. 
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23. A system for conununicatiiig patient device information to and fiom a 
medical device implanted in an ambulatoiy patient and with a remote medical support 
network comprising: 

an implanted device telemetry transceiver within the implanted medical device 
for conomunicating data and operating instructions to and fiom the medical device in a 
coded communication, the implanted device telemetry transceiver having a 
transceiving nmge extending outside the patienfs body a predetermined dist^ 
sufiELcient to receive and transmit coded telemetry communications at a distance fiom 
the patient's body; and 

providing an external patient communications device adapted to be located in 
relation to the pati^ witiun the device transceiving range for communicating 
between the implanted medical device and a communication system, 

a medical support network in communicative cormection through said 
communications system with said implanted medical device. 
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